Objectives. Since the introduction of the human papillomavirus (HPV) vaccine in 2006, there have been considerable efforts at the national and state levels to monitor uptake and better understand the individual and system-level factors that predict who gets vaccinated . A common method of measuring the vaccination status of adolescents is through parental recall . We examined how the accuracy of parents' reports of their daughters' HPV vaccination status varied by social characteristics .
Human papillomavirus (HPV) vaccination has been promoted as an effective public health intervention to prevent cervical cancer. 1 Recommended for girls aged 11 and 12 years and previously unvaccinated women up to age 26 years, 2 it is administered in three doses during a period of six months. Recently, the recommendations have been updated to also include boys aged 11 and 12 years. 3 The effectiveness of HPV vaccination for reducing cervical cancer depends upon uptake. Not surprisingly, there have been considerable efforts to monitor uptake and better understand the individual and system-level factors that predict who gets vaccinated. [4] [5] [6] [7] The validity of the results from these studies, however, rests with the measurement of vaccination status.
A common method of measuring vaccination status is through parental recall. For example, the National Health Interview Survey asks parents about their awareness of the vaccine for HPV, whether their child had received the shot, and, if so, how many doses the child had received. 8 Other national and regional surveys similarly rely on parental/guardian reports. 5, 7, 9, 10 HPV vaccination uptake has been lower than was initially hoped. 5, 8, 11 Additionally, substantial attention has been paid to social group differences in initiation and completion of the three-dose series. Results have been mixed, with some researchers concluding that uptake and vaccination completion rates are lower among girls from disadvantaged social groups 7, 12, 13 and others reporting equal or higher rates for girls from lower socioeconomic backgrounds or from minority cultural groups. 7, 8 Systematic measurement error resulting from using parental reports of vaccine status may affect the validity of estimates. Two types of error may be particularly important. First is the issue of memory or recall bias. 14, 15 Respondents may forget whether their child had the HPV vaccine or the number of doses received. However, given the media attention to the HPV vaccine 16 and the three-dose vaccination schedule, this issue may be less of a problem than for other vaccines.
A second source of measurement error is social desirability bias, or the tendency of survey respondents to give answers that they think are more socially acceptable. In general, in studies of health behaviors, people will say they engaged in socially sanctioned health behaviors (e.g., preventive care) when they did not. 17 The case of HPV vaccine is somewhat different from many preventive health behaviors because there may be competing social norms. Most parents in studies of social attitudes understand the link between HPV vaccination and cervical cancer. 18 Thus, the socially desirable answer is to indicate that their child has been vaccinated. However, some parents express concern that HPV vaccination is associated with sexual activity, 18 which could theoretically lead parents to underreport vaccination status if they are concerned that interviewers will think that their child is sexually active.
Reporting error at the population level is of concern because it could bias estimates of uptake and completion of the vaccination series. It is also important to look at systematic differences between social groups (e.g., race/ethnicity and socioeconomic status [SES]) in measuring the accuracy of vaccination status. If such systematic differences exist, estimates of whether there are disparities in HPV vaccine uptake will be distorted.
Dorell and colleagues examined whether parents over-or underreport vaccination status. 19 Using data from the 2008 National Immunization Survey-Teen (NIS-Teen), which has the advantage of collecting both provider and parental reports of vaccine status, they found that, while agreement between household and provider report for the HPV vaccine was highest overall of any of the adolescent vaccines (Kappa50.76 for initiation among parents reporting from recall only), disagreement tended to be in the direction of underreporting. Similarly, in a study comparing the reports of mothers and girls with medical records, Stupiansky et al. found that mothers underreported the vaccination status of their daughters. 20 Recently, Ojha et al. compared the accuracy of adult proxy recall for teens' HPV vaccine status with the use of household immunization records using the 2010 NIS-Teen. 21 The findings indicated that sensitivity of adult proxy recall tended to be lower than specificity, and that adult proxy respondents who were the mothers (vs. the fathers), non-Hispanic white, older, and more educated tended to provide more accurate reports. Overall, they conclude that adult recall of vaccine initiation and use of shot cards "have reasonable accuracy for classifying HPV vaccination status." 21 However, the researchers did not examine (1) whether sociodemographic factors are associated with over-or underreporting and (2) the implications of reporting error for estimates of vaccination status for specific subgroups.
Using data from the NIS-Teen, the data used by the Centers for Disease Control and Prevention to generate national estimates, we build on the existing literature focusing on the accuracy of parental reports of HPV vaccine status by sociodemographic characteristics that are markers of advantage and disadvantage. We examined (1) concordance between parental and provider reports for initiation of HPV vaccine and completion of the recommended three doses and (2) whether both under-and overreporting by parents are associated with social characteristics.
MetHoDS

Data
We used data from the 2009 and 2010 NIS-Teen publicuse files. The NIS-Teen is a nationally representative, random-digit-dial survey of households with 13-to 17-year-old children. The survey uses a stratified sampling design. 22 In addition to a household interview, the adult responding to the survey is asked for consent to contact the teen's medical providers. If consent is given, all of the identified medical providers are mailed an immunization history questionnaire. Teens are flagged as having adequate provider data if the providers identified by the household survey respondent supplied enough information to determine the teen's vaccination status. Our sample was limited to females only, as the HPV vaccine was not recommended for boys until 2011. We identified 18,290 female teens with complete information about the HPV vaccine from the household and provider surveys.
Measures
In more than 94% of cases in 2009 and 2010, the household interview was completed by the teen's parent; we refer to this information as "parent-reported." The parent was asked whether an immunization card for the teen was available and whether it was complete. If a complete immunization card was available, the respondent answered questions based on that document, with follow-up questions about whether the teen had received additional doses of the vaccine that were not on the card. We categorized these people as "immunization card plus recall respondents." The sample was divided into two groups: immunization card plus recall (n54,308) and recall only (n513,982).
Girls were coded as having initiated the vaccine series if they had received one or more doses of HPV vaccine. Those who had received $3 doses were coded as having completed the series. Thus, there were four vaccination status variables: parent-reported initiation, parent-reported completion, provider-reported initiation, and provider-reported completion.
Covariates include characteristics of the adolescent, such as age, race/ethnicity (white, black, Hispanic, and other/multiracial), and insurance type (private, public/Medicaid, other coverage, no reported coverage, or missing). In the survey, respondents could indicate multiple forms of insurance coverage; for this analysis, we hierarchically coded the insurance variable such that if the teen had any private coverage, she was coded as privately insured. If the teen had no private coverage but any public coverage, she was coded as publicly insured. If the teen had no private or public coverage but reported other coverage, she was coded as having other coverage. If the teen reported no insurance in any of the previous categories, she was coded as having no reported coverage. A large proportion of teens in our sample (14.9%) were missing information about insurance coverage, which we preserved as a separate category.
Characteristics of the teen's mother included education level (,12 years, 12 years, $12 years but noncollege graduate, and college graduate or higher) and marital status (currently married or not). Household characteristics included four-category census region, whether the family's home was owned or occupied by another arrangement (e.g., renting), and household income as a percentage of the federal poverty level (FPL) (,100%, 100%-199%, 200%-299%, and $300% FPL). We imputed the measure of FPL percentage using hot deck imputation 23 due to a large proportion of missing data.
Statistical analysis
Provider reports of vaccination status were considered the gold standard. We compared the accuracy of parents' reports (based on recall only or the combination of recall and an immunization card) with provider reports. We calculated the false-positive rate (false positives/[false positives 1 true negatives]), or (1-Specificity), and false-negative rate (false negatives/ [false negatives 1 true positives]), or (1-Sensitivity). We also examined characteristics associated with the probability of being a false-positive (overreporting) or false-negative (underreporting) case. For these analyses, the denominator was the total number of cases. Finally, we assessed the simultaneous relationship of the sociodemographic characteristics to having a falsepositive or false-negative report using multinomial logistic regression (with concordant report as the base outcome). We did not apply survey weights in any of the analyses presented because we were interested in patterns of misclassification within the sample; as a sensitivity analysis, however, the multivariate analyses were recomputed using the weights. We note any results substantially changed by weighting, and the weighted results are available upon request. For all analyses, we adjusted the standard errors to account for the complex sampling design (i.e., primary sampling units and strata).
reSultS Table 1 reports the level of agreement between household and provider report by group (total, immunization card 1 recall, and recall only). Agreement was fairly high overall for HPV vaccine initiation (Kappa50.812).
It was higher in the immunization card + recall group (Kappa50.897) than among recall-only respondents (Kappa50.785). Agreement was lower for HPV vaccine series completion (Kappa50.807 in the immunization card 1 recall group; Kappa50.667 in the recall-only group) than for reports of vaccine initiation. Falsepositive and false-negative rates were comparable for each group for HPV vaccine initiation, but falsenegative rates were higher than false-positive rates for vaccine series completion (22.9% vs. 7.8% in the total group) ( Table 1 ). Sensitivity and specificity were both about 90% for vaccine initiation in the total group, but sensitivity was much lower (77%) for vaccine series completion (data not shown). Table 2 reports sample characteristics and the accuracy of parental reports of vaccination status by sociodemographic characteristics. Among those responding using recall only (i.e., no immunization card), concordance of reporting the HPV vaccine initiation varied significantly by every sociodemographic characteristic investigated (p,0.001). Higher percentages of concordant reports and lower percentages of falsenegative reports were consistently found among those with socially advantaged characteristics. For example, among teens in households with incomes $300% of the FPL, 91.5% had a parental report of HPV vaccine initiation that was concordant with the provider report, and 2.7% had a false-negative parental report. Among teens in households with income ,100% of the FPL, however, 81.3% had a concordant report and 12.5% had a false-negative household report. We found the same pattern of results for concordance between parental reports that were aided by referring to the child's immunization card and provider reports. Concordance was consistently higher and false-negative reports were consistently lower among the more socially advantaged.
Results from the multinomial logistic regression model (Table 3) show that few characteristics were associated with the likelihood of a false-positive parental report compared with a concordant parental report. Notably, however, teens who were publicly insured were more likely to have a false-positive report (relative risk ratio [RRR] 5 1.34, p50.037) than privately insured teens. Nonwhite teens had a higher probability of false-negative parental report than non-Hispanic white teens (RRR range: 1.73-2.56). Higher household income and higher level of mother's education were associated with a lower likelihood of a false-negative household report. Teens with public insurance were more likely than teens with private insurance to have a false-negative report (RRR51.49, p50.002). When the models were recomputed using survey weights, results were broadly similar. While the direction of all relationships remained the same, there were some changes in statistical significance. Self-reported Hispanic race/ethnicity (vs. non-Hispanic white race/ethnicity) became significantly associated with a higher probability of having a false-positive report of HPV vaccine initiation, and the coefficient for public insurance became marginally nonsignificant (p50.075). For the weighted analysis, looking at correlates of false-negative reports, having no reported health insurance coverage was associated with a decreased likelihood of a false-negative report, while missing insurance coverage was associated with a greater likelihood of a false-negative report.
DiScuSSion
Consistent with previous research, 19, 21 we found that parents are fairly accurate in reporting their daughters' HPV vaccination status. However, Dorell and colleagues found that when parents' reports were inaccurate, the HPV vaccine tended to be underreported, while we found that false-positive and false-negative rates were similar for HPV vaccine initiation. Overall, the two types of errors tended to cancel each other out, resulting in estimates based on parents' recall coming close to the true value in the population. Completion of the series, however, did tend to be underreported. Not surprisingly, parents who had access to their child's immunization card to aid their recall were more accurate in reporting both initiation and completion of the HPV vaccine series. While reporting using immunization cards only appears to result in a tradeoff between sensitivity and specificity, 21 in our study, reporting based on the immunization card combined with recall resulted in fairly high sensitivity and specificity for initiation (more than 93% for both). However, many surveys are not designed to have parents access the card, and even in this survey, only 24% of the parents were able to do so. Relying on access to immunization cards, therefore, seems an unrealistic strategy to increase the accuracy of parents' reports in most surveys.
Ojha and colleagues found that the sensitivity and specificity of household reports vary by sociodemographic characteristics. Our contribution is to demonstrate that the net effect of this misclassification resulted in underreporting for disadvantaged groups, and that this assertion held true in multivariate analyses. That is, sociodemographic characteristics that are indicators of disadvantage were associated with a higher likelihood of parents reporting that their daughter had not received the HPV vaccine when, in fact, she had. Girls who were reported to be of nonwhite race/ethnicity, lower household income, lower levels of mother's education, and on public insurance were more likely to have a false-negative parental report of vaccination status. This finding may partially explain conflicting findings regarding disparities in HPV vaccine initiation. For example, Dorell and colleagues, 11 using provider-reported NIS-Teen data, found no differences in initiation of the vaccine series by race/ ethnicity, mother's education level, or household income. In contrast, a recently published study using parent-reported data from the same survey found disparities in HPV vaccine initiation based on the same characteristics. 12 Our findings suggest that differences in underreporting of the vaccine by social group could exaggerate disparities in data using the parent's report of the child's vaccination status.
There are several possible underlying causes for underreporting in certain groups. The HPV vaccine is still fairly new, and it is possible that some parents had not heard of it; therefore, they might not remember that their daughters had received it. Indeed, previous research has found that higher SES is associated with greater awareness of the HPV vaccine. [24] [25] [26] In addition, SES is related to health-care services use among adolescents, such as having a usual source of care or a recent preventive care visit, 27, 28 which could make it more difficult for parents to remember what, when, and where services were received.
Underreporting may also be due to social desirability. Considerable media attention and political controversy have linked the vaccine to sexual activity. 16, 29, 30 While studies have varied in their estimates, at least a small minority of parents report concern about sexual activity in relation to the HPV vaccine. One national study found that 22% of parents believed that vaccinating their child would tacitly condone sex. 24 While no studies that we are aware of have explored the effect of such concerns on reporting, it is possible that parents might not report that their daughter had the vaccine because of the association with sexual activity, and this bias could be stronger among particular social groups.
Limitations
Our study had several important limitations. These data predated the recommendation of the HPV vaccine for boys, and the accuracy of parental reporting may be different for boys than for girls. In addition, we relied on data from households that participated and had a complete provider report, as we used providerreported vaccine status as the gold standard against which to compare parental report. As such, these data may overrepresent more affluent households. 22 In the 2009-2010 NIS-Teen, 42% of female teens lacked adequate provider data. Weighting adjusts for nonresponse; thus, we have some confidence in our results in that they were similar after weighting. However, if nonrespondents are systematically different in vaccine behavior compared with their demographically similar counterparts who did respond, even weighting will not yield accurate estimates of coverage. Our analysis also used the provider report as the gold standard, although previous research shows that there is error in such data resulting from factors, including receiving vaccinations from more than one provider, moving, poor handwriting, or transcription mistakes. 31 Finally, bias could be introduced due to the fact that the 2009 and 2010 NIS-Teen did not include a cell-phone sample, and there may be important differences between families who had landlines and those who did not.
concluSionS
Our findings have important implications for estimates of HPV vaccine uptake based on surveys that rely solely on parent-reported vaccination status. Overall coverage estimates for HPV vaccine initiation based on parental report are likely unbiased, but coverage estimates for vaccine series completion would underestimate the actual coverage in the teen population. Additionally, differences in the accuracy of parental report by social characteristics could result in misleading estimates of disparities in HPV vaccine coverage.
reFerenceS
